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T HE Internet of Things paradigm has transformed the way we operate our personal and professional lives, it is driving our economy and will continue to enable many new opportunities in broad research areas. As this pervasive and ubiquitous interconnection of our everyday life appliances continues into the future, new types of devices enabled by nano and biotechnology promise to push engineering to previously unexplored application domains, where the exchange of information and access from/to the broader Internet for their monitoring and control are even more essential. The research on nanoscale communication and networks aims to develop systems for interconnecting these novel devices at the nanoscale, i.e., the Internet of Nano Things. Research on nanoscale communications can be broadly subdivided into two areas, which include: 1) electromagnetic (EM) nano communications and 2) molecular communications. Electromagnetic nano communications bring new challenges to the traditional wireless paradigms, as nano-devices can only operate at extremely high frequencies, i.e., in the terahertz (THz) band (0.1-10 THz) and above. In addition, the unprecedented properties of nanomaterials and metamaterials bring new capabilities to the nano-devices, which have to be leveraged to enable practical nanoscale communication systems. Molecular communications, on the other hand, are a brand new paradigm that aims to create communication systems based on chemical reactions and transport processes, especially those underlying living organisms. A number of different models have been proposed for molecular communication systems, including molecular diffusion-based systems, bacterial nano-networks, or calcium signaling, among many others. Due to their inherent properties, and their feasibility in biological environments, molecular communications are enabling the engineering of communication systems in previously unexplored domains, such as chemistry and biotechnology.
While researchers are currently investigating these challenges to develop fully functional nano communication systems, a question remains as to whether they can represent an extended communication network that is part of the broader Internet. This JOURNAL's Special Issue solicited research papers that address new solutions for the Internet of Nano Things. In total, 13 papers were received in response to this call for papers. Each of the papers went through at least two rounds of rigorous reviews, and finally 6 papers were accepted for publication in this Special Issue.
The very first paper in this Special Issue entitled "The Internet of Molecular Things Based on FRET," by Kuscu and Akan, explores nano communication using nonradiative energy transfer process between fluorophores as a wireless communication mechanism to connect fluorophorebased photoactive molecular devices. Stemming from this mechanism, the authors present networking opportunities using FRET under the concept of "The Internet of Molecular Things," where the prospective applications, theoretical modeling of the communication system, experimental opportunities, as well as challenges for implementing the system are fully discussed.
Energy harvesting will be an important requirement for devices in the Internet of Nano Things. While this research area is currently being explored for conventional sensor devices, new challenges will be faced when the scale of the devices are reduced to the nanoscale. In "Area Model and Dimensioning Guidelines of Multisource Energy Harvesting for Nano-Micro Interface," by Cid-Fuentes et al., a framework is proposed to model a multiple source energy harvesting system. This approach is appropriate for devices that are deeply embedded, and may need to rely on various environmental factors to obtain energy. The proposed multiple source energy harvesting framework considers the optimal number of energy harvesters as well as buffer capacity to minimize the volume and area of the device. The evaluation of the framework is also compared to the self-tunable harvester.
In "Receiver Design for a Bionic Nervous System: Modeling the Dendritic Processing Power," by Cacciapuoti and Caleffi, the authors propose a systems-theoretic communication model of neurons' behavior in information processing. Stemming from a compartmentalization and location preference in neuron information processing for signals at different frequencies, the authors model the dendritic tree, a component of neurons, as a spatiotemporal filter bank. The theoretical analysis of this paper found that it is possible to direct stimuli on the basis of their frequency to specific neurons, whose response is directly dependent on the spatial distribution of the dendrites. This research is extremely relevant for the engineering of future implantable neural bionic devices that are part of the Internet of Nano Things or the Internet of Bio-Nano Things, where the communication between the devices can be achieved through neuronal networks.
The paper "Low-Weight Code Comparison for Electromagnetic Wireless Nanocommunication," by Zainuddin et al., compares and evaluates a number of low-weight codes that can be used to improve energy efficiency in EM nano communication networks. Given the small size of the nanoscale devices, the management of the energy resources is an important challenge, together with the control of multiuser interference and the assurance of robustness against errors. The analysis found that different information coding techniques have advantages and disadvantages for various metrics; therefore, the appropriate selection of the coding technique is highly dependent on the application and environmental deployment of the devices for the Internet of Nano Things.
Another work that focused on the energy efficiency of devices in the Internet of Nano Things is the paper "LowComplexity Nanosensor Networking Through Spike-Encoded Signaling," by Peper et al. In this paper, the authors proposed neural-inspired spiking signaling mechanism as a communication process between devices to limit the energy expenditure. Besides the spike-based encoding of signals, the authors propose a consensus-based framework through gossiping algorithm to lower the amount of energy required for information propagation through the network. The consensus process allows the nodes of the network to process information through local interactions between neighbors, and to obtain an integrated value for all the node's measurements.
The Internet of Nano Things will result in various novel applications, such as environmental monitoring. The paper "Performance Analysis of Plant Monitoring Nanosensor Networks at THz Frequencies," by Afsharinejad et al., investigates the use of EM nano sensors for plant monitoring. The architecture proposed by the authors is a nano sensor device that communicates to a microscale sensor, i.e., current mote sensors in the Internet of Things, to route data onto the Internet. There are a number of challenges for communicating at the nanoscale in plant monitoring, especially those related to the THz band, including the quantity of moisture within the environment that leads to molecular absorption of the transmitted signals, as well as the attenuation and distortion resulting from the foliage structure of the leaves. The paper proposes a pathloss model for plant environment, in addition to a protocol that ensures successful transmission between the nanosensors and the microscale sensors.
As multidisciplinary research activities in nano communication continue to increase, investigations toward the realization of the Internet of Nano Things will be necessary. This Special Issue has collected a fine set of papers that will lay the foundation of nano communications in light of their integration into the broader Internet. We would like to thank all the authors who have contributed to this Special Issue, as well as the reviewers who have provided extensive and constructive comments that helped improve the papers. We would also like to thank the Editor-in-Chief, Chonggang Wang, for approaching us to initiate this Special Issue, and for providing continued support throughout the entire process. 
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